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Introduction
The Japanese Archipelago, a chain of island arcs located on the eastern margin of Eurasia, hosts a remarkable vertebrate fauna due to its unique geographic location and geological history. Zoogeographically, it lies near the transition between the Palearctic and Oriental realms, which is sometimes referred to as the Sino-Japanese Realm to appreciate its distinctness (Holt et al. 2013a, b ; but see also Kreft and Jetz 2013; Rueda et al. 2013) . Concerning the modern landbird fauna, 47.2% of the currently recognized species/subspecies breeding in the Japanese Archipelago today is endemic to the region (Yamasaki 2017) . In addition, Japanese islands might have been the origins of radiation in numbers of landbird lineages that now have broader geographic distributions ("reverse colonization"; Nishiumi and Kim 2015) . As such, the Pleistocene landbird fossil record in the Japanese Archipelago is of potential interest from the taxonomic and biogeographic perspectives.
The Japanese vertebrate fauna has evolved under the complex geomorphologic history of the Japanese Archipelago. The central part of the archipelago consists of four relatively large islands (Hokkaido, Honshu, Shikoku, and Kyushu islands) and numerous smaller ones surrounding them (hereafter collectively referred to as central Japanese islands). Although the central Japanese islands had been formed by back-arc rifting in the early-middle Miocene (Jolivet et al. 1994; Otofuji 1996) , they are considered to have been partially connected to the Eurasian Continent on their southwestern part by land bridges in some part of the middle Miocene-earliest Pleistocene (until ~1.7 Ma), after which the separation from the continent became more pronounced (Chinzei 1991; Kitamura et al. 2001; Kitamura 2008) . In some glacial periods in the Pleistocene, however, the central Japanese islands were connected to the Eurasian Continent with two major pathways formed by land bridges, one through the Korean Peninsula and the other through Sakhalin Island, causing biotic interchanges with the continent (Kawamura 1998; Konishi and Yoshikawa 1999; McKay 2012; Nakazawa and Bae in press ). In the Last Glacial Maximum, when the sea level was lower by ~120 m than in the present (e.g., Bintanja et al. 2005; Oba and Irino 2012) , Honshu, Shikoku, and Kyushu islands were connected to each other (Paleo-Honshu-Shikoku-Kyushu Island) but probably separated from the continent, whereas Hokkaido Island was connected to the continent through Sakhalin Island (Paleo-Sakhalin-Hokkaido-Kuril Peninsula; Ota and Machida 1987; Ota and Yonekura 1987; Park et al. 2000; Chinzei and Machida 2001) . Even in that time, the strait between Honshu and Hokkaido islands (Tsugaru Strait) remained, acting as a biogeographic barrier for terrestrial animals (Blakiston's Line; Blakiston and Pryer 1880; Milne 1881; Blakiston 1883; Tokuda 1941; Dobson 1994) , perhaps except for those with high dispersal ability (e.g., large mammals; Kawamura 2007; Sawaura et al. 2018) .
In general, Pleistocene fossils provide material evidences of temporal and geographic distributions of modern species, and play crucial roles in investigating many aspects of evolutionary histories of modern taxa and faunas. Relevant topics include speciation events (Selander 1965; Stewart 2002) , species longevity, extinction and turnover (Brodkorb 1960; Tyrberg 2002 Tyrberg , 2008b Olson 2010; Meijer et al. 2015) , and paleoclimate inference (Tyrberg 1999; Finlayson et al. 2008; Holm and Svenning 2014) . Meta-analysis of compiled avian fossil records might be an attractive approach to these topics (e.g., Tyrberg 1999; Holm and Svenning 2014) , but one should be cautious in interpreting the Pleistocene avian fossil record because there is a number of obstacles that may cause serious flaws in such analysis (Stewart 2002) . One major issue prevalent in previously reported Quaternary paleoavifaunas is that fossils were identified without sufficient justifications. Many previous works report occurrences of species only in the form of faunal list and do not give descriptions or designations of fossil or comparative material, making it impossible to critically evaluate occurrence records in the literature. As many factors, including ontogenetic variation, sexual dimorphism, and geographic or temporal variation, may potentially influence quantitative and qualitative features of the avian skeleton (Stewart 2007) , one should be cautious in choosing comparative specimens. Disregarding geographic variation may lead to incorrect taxonomic assignment (Storer 1992; Olson 2005) . Identifications based on the distributions of modern species may lead to misidentification (Stewart 2005) , or, for the purpose of biogeography, circular reasoning (Bever 2005; Nesbitt and Stocker 2008) . Temporal variation (Northcote 1981; Ericson 1987; Stewart 2002) can potentially confound identification. In order to enable critical evaluation of identifications by future studies, it is advisable to clearly state the nature of the comparative material used, including species examined, quantity, and sexual and geographic coverage.
Despite its potential importance, the landbird fossil record in the Japanese Archipelago has been scarce. Apart from those in the Ryukyu Islands (e.g., Ono and Hasegawa 1985; Matsuoka 2000; Matsuoka and Hasegawa 2018) and archaeological sites (e.g., Nokariya and Ono 1980) , most known localities yield only a few species (Takai 1962; Hasegawa 1964; Tomida 1978; Ono 1980; Rich et al. 1986 ), providing little concrete evidence for the history of landbird fauna in the region. In this respect, the Shiriya local fauna (Hasegawa et al. 1988 ), a Middle-Late Pleistocene vertebrate fauna recovered from fissure-filling deposits in Shiriya, northeast Japan, is of much interest. It consists of diverse land and marine vertebrates, including marine fish, amphibians, large carnivorous and herbivorous mammals, small land mammals, chiropterans, marine mammals, and various land-and seabirds. Hasegawa et al. (1988) listed 15 non-passeriform avian species for the Shiriya local fauna, including three landbirds (Phasianus sp., Buteo buteo, and Haliaeetus cf. pelagicus), but most of the avian material was left undescribed. Also, Hasegawa et al. (1988) did not give justification for identifications or designations of specimens for all species, necessitating a comprehensive revision.
In this report, as an outcome of a revision of the avian material from the Shiriya local fauna (Watanabe and Matsuoka 2015; Watanabe et al. 2016; JW, HM, and YH unpublished material) , the non-passeriform landbird fossils from the Pleistocene of Shiriya are described, which turned out to belong to the following four families: Phasianidae, Columbidae, Apodidae, and Accipitridae. Detailed osteological descriptions are presented, in order to facilitate critical evaluation of identifications and comparison by future studies.
Geological background of the localities has been reviewed by Hasegawa et al. (1988) and Watanabe and Matsuoka (2015) , thus only a brief summary would suffice here.
Shiriya is located at the northeastern extremity of Honshu Island, Japan (41°24'N, 141°24'E; Fig. 1 ). The oldest rocks exposed in this area include slate, sandstone, chert, limestone, and limestone breccia (Murata 1962; Tsushima and Takizawa 1977; Matsuoka 1987; Sano et al. 2009 ), which comprise a pre-Tertiary tectonic complex (Kamada 2000) . It is unconformably overlain by Miocene and Pliocene marine sedimentary rocks which yield no vertebrate remains (Tsushima and Takizawa 1977) . On these basement rocks, a series of Middle-Late Pleistocene marine terraces is developed, each of whose age is correlated to a Marine Isotope Stage (MIS) based on dated volcanic ash layers interbedded in its deposits and relative altitudes to others (Koike and Machida 2001).
The fossils described here came from unconsolidated deposits that fill fissures or caves in limestone and limestone breccia bodies. Hasegawa et al. (1988) recognized four major vertebrate localities in the area: Loc. 1 ("Locality A" in Nakajima and Kuwano 1957); Loc. 2 (Shiriya Second Quarry); Loc. 3 (Shiriya Tunnel); and Loc. 4 (unnamed tunnel near Shikkari [also spelled Shitsukari]). The avian remains were recovered from Locs. 1-3. No direct dating is available for the fossil localities, but the occurrence of marine vertebrates and the inclusion of marine-originated sediments indicate that the fossil-bearing layers had been deposited near the past sea level (Nakajima and Kuwano 1957; Nakajima 1958; Hasegawa et al. 1988) . Therefore, the localities can be correlated to certain marine terrace surfaces; Loc. 2 (70-80 m above sea level) can be correlated to the Toei surface (65-80 m; MIS 9), and both Loc. 1 (~45 m above sea level) and Loc. 3 (~35 m) to the Tonamigaoka surface (35-45 m; MIS 5e; ages according to Koike and Machida 2001) . These assignments are consistent with the occurrence of land mammals typical of the Pleistocene of the central Japanese islands (Hasegawa 1972; Kamei et al. 1988 ).
Material and methods
The avian fossils from Shiriya temporarily stored in ICM, KUGM, and NSMT PV were examined, including those figured by Hasegawa et al. (1988) . Bone scraps were also screened for identifiable specimens. The fossils from Loc. 1 were collected by Zenji Nakajima in 1950's, whereas those from locs. 2 and 3 were collected by YH and others in 1960 and 1987. All specimens described in this study are now formally deposited in NSMT PV. All specimens had been recovered as isolated bones after water-sieving of sediments. All limb bones described are skeletally mature, as confirmed from inspection of surface textures and other features that are indicative of ontogenetic stages (Tumarkin-Deratzian et al. 2006; Watanabe and Matsuoka 2013; Watanabe 2018a, b) .
Comparison was primarily made with modern avian ske letons stored in KUGM, MVZ, NSMT AS, UWBM, USNM, and YIO. A list of comparative material is given in Appendix 1. The status and distribution of modern birds in the Japanese Archipelago were largely taken from Checklist of Japanese Birds (The Ornithological Society of Japan 2012). Osteological terminology generally follows Baumel and Witmer (1993) , but that of Howard (1929) is also used when appropriate. The term "omal" is used to designate the upper/cranial end of the coracoid. Measurements were taken with digital calipers (Mitutoyo, Kawasaki, Japan) and values rounded to the nearest 0.1 mm are reported. Size and proportion of fossils were compared with those of comparative specimens through visual inspection of scatter plots of dimensions.
Systematic palaeontology
Class Aves Linnaeus, 1758 Order Galliformes Temminck, 1820 Family Phasianidae Horsfield, 1821 Remarks.-For the comparative purpose, the classification of modern taxa within this family follows del Hoyo and Collar (2014) . Hasegawa et al. (1988) Material.-Loc. 3, Shiriya, Aomori Prefecture, Japan; Late Pleistocene (~MIS 5e): NSMT PV 24531, 24532, left omal and sternal coracoids, respectively; NSMT PV 24533-24535, two right and one left proximal humeri, respectively; NSMT PV 24536, right distal humerus; NSMT PV 24537 left humeral shaft; NSMT PV 24538, right ulnare; NSMT PV 24539, worn proximal phalanx of the right major wing digit. Locality unrecorded, Shiriya, Aomori Prefecture, Japan; Middle-Late Pleistocene (~MIS 9/5e): NSMT PV 24540, tip of premaxilla; NSMT PV 24541, 24542, proximal and distal fragments of right carpometacarpus, respectively. Table 1 and Fig. 3 .
Measurements.-See
Description.-One well preserved proximal end of the humerus was recovered ( Fig. 2A) . The fossil is characterized by a narrow dorsal tricipital fossa (the fossa dorsal to the crus dorsale fossae), which is pointed proximally with a faint dorsal margin and only slightly excavates the distal margin of the caput humeri in its ventral part. The combination of these states is apparently unique to Phasianini (the dorsal tricipital fossa is wider and excavates the caput humeri more deeply in Rollulinae and most other tribes within Phasianinae except Pavonini). The fossil differs from Pavonini in a proximodistally thinner tuberculum ventrale that lacks a distinct attachment scar just ventral to its tip (which is characteristically present at this position in Pavonini). Within Phasianini, the fossil agrees only with Syrmaticus (except S. reevesii) in weak development of the incisura capitis (in Chrysolophus, Phasianus, Crossoptilon, Catreus, Lophura, and S. reevesii, the incisure is wider and deeper, and excavates the proximal margin of the tuberculum ventrale; Fig. 2C 1 , D 1 ). Two other fragmentary proximal humeri are tentatively referred to the same species, based on the consistency of size and observable features.
Another phasianid humerus preserving the distal half of the bone (Fig. 2B) is referred to the same species as the proximal end with which it is roughly consistent in size. In the fossil, the processus flexorius is well developed distally, as in Coturnicini, Lophophorini, Phasianini, and Tetraonini (except Meleagris). The fossil differs from Coturnicini in the absence of a concavity on the epicondylus ventralis just caudal to the pit for the m. pronator superficialis (see below), and from most members of Tetraonini (except Perdix and Meleagris) in less craniocaudal compression of the body.
An omal end of the coracoid preserving the processus acrocoracoideus (Fig. 2J ) and a sternal end of the coracoid with a worn angulus lateralis (Fig. 2K ) are tentatively referred to this species, with which they are consistent in size. In the fossil, the impressio lig. acrocoracohumeralis is dorsoventrally thick and developed as a deep groove with distinct margins. This state is characteristic to some members of Phasianini and Tetraonini (except Perdix, Meleagris, and Bonasa) among phasianids. The omal end differs from Tetraonini and agrees with Phasianini in a relatively straight profile of the tuberculum brachiale in medial view (in Tetraonini, its dorsal tip is produced sternally to give a concave profile to the tuberculum brachiale). The fossil differs from Phasianus and agrees with Syrmaticus in a relatively poorly developed ventral part of the processus acrocoracoideus (in Phasianus, it is strongly elevated from the shaft and produced medially, with the ventral margin of the tuberculum brachiale protruding as medially as the dorsal margin; Fig. 2C 3 , D 3 , J 3 ). The sternal protrusion of the processus lateralis observed in the fossil sternal end, the most sternal point of which is lying even sternally than the lateral end of the crista articularis sternalis (Fig. 2K) , is apparently unique to Phasianini (in most other phasianids, the latter is the most sternal point in the coracoid). This feature is most pronounced in Syrmaticus within Phasianini, with which the fossil agrees ( Fig. 2C 2 , D 2 ). One carpometacarpus preserving the proximal symphysis and processus intermetacarpalis (Fig. 2E) , another preserving the distal symphysis and articular surfaces (Fig. 2F ), a proximal phalanx of major wing digit lacking the caudodistal part ( Fig. 2H ), one moderately worn ulnare (Fig. 2I) , and a tip of premaxilla ( Fig. 2G ) are tentatively referred to this species. The fossils are too fragmentary for definitive identification, although they are consistent with modern species of the genus in size and proportions.
Remarks.-This genus includes several modern species of pheasants which are distributed in China, northern Indochina, Taiwan, and most central Japanese islands (except for Hokkaido Island). As far as observed in this study, few qualitative features observable in the Shiriya material were found useful in distinguishing species within the genus, except for the development of the incisura capitis of the humerus noted above; the incisure is deep and wide in S. reevesii and the other genera of the tribe Phasianini, whereas it is narrower and shallower in the other modern species of Syrmaticus. Although it is tempting to specu- late that this character reflects the phylogenetic relationship (e.g., the state observed in S. reevesii represents a primitive condition within Syrmaticus), the available evidence is inconclusive; most recent molecular phylogenetic analyses (Zhan and Zhang 2005; Wang et al. 2013; Jiang et al. 2014; Hosner et al. 2016 ) recovered either S. soemmerringii or S. reevesii as the most basal divergences within the genus, but the branching orders for these species have not been well resolved. In any way, the Shiriya fossils clearly agree with the group including S. soemmerringii, S. mikado, S. ellioti, and S. humiae. Although most dimensions of the Shiriya material are consistent with those of modern S. soemmerringii, the only species that occur on the central Japanese islands today, the sample size is too small to allow definitive assignment to any of the modern species (Fig. 3) , let alone identification to the subspecific level.
Two extinct species of Syrmaticus have been named so far: S. phasianoides (Jánossy, 1991) from the upper Miocene of Hungary (Jánossy 1991; Zelenkov 2016) and S. kozlovae Kurochkin, 1985 , from the upper Miocene-lower Pliocene of Mongolia (Kurochkin 1985; Zelenkov and Kurochkin 2010) . According to published dimensions (Zelenkov 2016) , S. phasianoides is larger than any modern species of the genus, thus would be larger than the Shiriya material as well. According to published dimensions and descriptions (Zelenkov and Kurochkin 2010) , S. kozlovae is slightly smaller than the Shiriya material, and further differs from it in certain osteological features of the distal humerus, including a less distally protruding processus flexorius (see Zelenkov and Kurochkin 2010) .
The fossil record of the modern species of the genus is scanty. Syrmaticus soemmerringii has been identified from several Pleistocene localities in the central Japanese islands (Takai 1962; Nokariya and Ono 1980; Ono 1980 ), but little justifications were given in these previous reports. As S. soemmerringii had once been included in Phasianus in some past editions of the Check-list of Japanese Birds (e.g., The Ornithological Society of Japan 1974), this species may possibly be represented by identifications labeled as "Phasianus sp." by Japanese authors (e.g., Ono in Rich et al. 1986 ). Although S. reevesii had been reported from the Pleistocene of Choukoutien (also known as Zhoukoudian), China (Shaw 1935 ), a later, more comprehensive report of the paleoavifauna (Hou 1993) did not mention this species. Modern S. soemmerringii is the only species of the genus that naturally occurs in the central Japanese islands, where it is an endemic, resident breeder. Lying at the northeastern tip of Honshu Island, Shiriya is at the northern limit of the natural distribution of the species; it does not occur in Hokkaido Island except as an introduced breeder (The Ornithological Society of Japan 2012). If the Shiriya material represents that species, the occurrence would indicate that the species had spread throughout Honshu Island by the Late Pleistocene (MIS 5e), assuming that the genus originated in the continental Asia as indicated by the distribution and phylogeny of modern and fossil species (Zhan and Zhang 2005; Zelenkov and Kurochkin 2010) . Hasegawa et al. (1988) included Phasianus sp. in their faunal list for the Shiriya local fauna without designating any specimens. The examination of the entire avian material from Shiriya in this study could not identify specimens certainly referable to Phasianus rather than Syrmaticus. Although some fragmentary specimens within the material might possibly represent a species of the former genus, the absence of diagnostic specimens seems a sufficient reason to retract the occurrence of Phasianus sp. from the Shiriya local fauna.
Tribe Coturnicini Reichenbach, 1848 Coturnicini gen. et sp. indet. Material.-Loc. 3, Shiriya, Aomori Prefecture, Japan; Late Pleistocene (~MIS 5e): NSMT PV 24543, right distal humerus. Locality unrecorded, Shiriya, Aomori Prefecture, Japan; Middle-Late Pleistocene (~MIS 9/5e): NSMT PV 24544-24546, one right and two left distal tibiotarsi, respectively; NSMT PV 24547, right proximal tarsometatarsus. Table 2 .
Description.-One distal end of the humerus was recovered (Fig. 4A) . The fossil can be referred to Coturnicini (Coturnix, Synoicus, Tetraogallus, Alectoris, Ammoperdix, Perdicula, and Pternistis) by the following features that are apparently unique within Phasianidae: the concavity of the ventral surface of the epicondylus ventralis caudal to the pit for the m. pronator superficialis (Fig. 4A 2 ) , and the fossa m. brachialis being narrow and restricted to the ventral half of the shaft (the latter feature is exceptionally absent in Tetraogallus). Within Coturnicini, the fossil agrees with Coturnix and Synoicus and differs from the other genera examined in the presence of a marked depression on the cranioproximal margin of the condylus dorsalis. Furthermore, the fossil differs from Tetraogallus in the ventral position of the fossa m. brachialis mentioned above, and from Perdicula in a less abrupt dorsoventral expansion of the shaft toward the distal end. In these features, the fossil is consistent with Coturnix and Synoicus, which are osteologically rather similar to each other.
Three fragmentary distal ends of the tibiotarsus (Fig. 4C ) and one proximal end of the tarsometatarsus (Fig. 4B ) of a small phasianid were recovered. As few taxonomically useful characters can be observed in these fossils, they are tentatively assigned to the same species with the humerus.
Remarks.-The overall consistency of size suggests that only one species of Coturnicini is represented in the Shiriya Material.-Loc. 3, Shiriya, Aomori Prefecture, Japan; Late Pleistocene (~MIS 5e): NSMT PV 24551, sternal fragment; NSMT PV 24552, left humeral shaft; NSMT PV 24553, right distal humerus. Table 2 ; sternum: no formal measurement possible.
Description.-One moderately worn sternal fragment preserving the rostral area and the dorsal half of the pila carinae was recovered (Fig. 5C ). The spina externa rostri is broken away, but at least was originally present, unlike in some genera of Raphinae, including Otidiphaps and Ptiliophaps. The spina interna rostri is moderately developed cranially, and is wider laterally than it is thick dorsoventrally. One humeral shaft preserving proximally from the distal extents of the crista bicipitalis and tuberculum dorsalis and distally to the tuberculum supracondylare dorsale, and another distal fragment of the humerus preserving the area around the tuberculum supracondylare dorsale and condylus dorsalis were recovered (Fig. 5A, B) .
Remarks.-Due to the rather fragmentary nature of the specimens, it was not possible to assign any of them to the subfamilial or generic level. The consistency of size suggests that only one species is represented, which would be similar in size to moderate-sized pigeons and turtle-doves, e.g., modern Streptopelia orientalis.
Order Apodiformes Peters, 1940 Family Apodidae Olphe-Galliard, 1887 (1836 Remarks.-The family Hemiprocnidae is sometimes treated as a subfamily of Apodidae (Hemiprocninae), but can be readily distinguished from Apodidae in numbers of osteological features, including weak medial protrusion of the processus acrocoracoideus of the coracoid (which is strongly protruded medially in Apodidae) and a caudally bowed os metacarpale minor of the carpometacarpus (straighter in Apodidae).
Subfamily Apodinae Olphe-Galliard, 1887 (1836) Genus Apus Scopoli, 1777 Apus sp. Table 3 and Fig. 7 .
Description.-One left coracoid with a worn angulus lateralis was recovered (Fig. 6A) . The fossil differs from the members of Cypseloidinae (Streptoprocne and Cypseloides) in the narrowness of a notch on the dorsal part of the sternal margin of the tuberculum brachiale (the notch being dorsoventrally broad and often deep in Cypseloidinae). It differs from Collocaliini (Collocalia and Aerodramus) and agrees with Apodini (Aeronautes, Tachornis, Cypsiurus, Tachymarptis, and Apus) and to a lesser extent with Chaeturini (Hirundapus and Chaetura) in an elongated and slit-like medioventral opening of the foramen n. supracoracoidei (which is omo-sternally narrower in Collocaliini). It also differs from Chaeturini in the absence of a strong constriction of the neck (in Chaeturini, the neck is constricted and the processus acrocoracoideus is slanted medially). Within Apodini, the fossil agrees with Tachornis, Tachymarptis, and Apus and differs from Aeronautes, Panyptila, and Cypsiurus in a relatively omal position of the dorsal opening of the foramen n. supracoracoidei (which is distinctly offset sternally from the omal margin of the processus supracoracoidei in the latter genera). The fossil has a characteristic profile of the sternal articulation surface, where the medioventral margin is strongly produced, the dorsal flange is lying rather medially ( Fig. 6B 2 ) , and the dorsolateral margin is strongly concave. This condition is apparently unique to Tachymarptis and Apus within Apodidae. The single coracoid of Tachymarptis examined (T. melba, USNM 559068) is distinct from the fossil in the presence of a prominent ridge on the ventral margin of the shaft leading from the lateral part of the sternal end to the ventral margin of the sulcus supracoracoideus. The fossil is indistinguishable from A. apus and A. pacificus in both dimensions and qualitative characters. One complete left carpometacarpus was recovered (Fig. 6C) . The fossil differs from Cypseloidinae in a cranially lying sulcus tendinosus in dorsal view (Fig. 6C 2 ,  B 3 ) ; which is lying on the caudal half of the distal shaft in Cypseloidinae) and the absence of a constriction of the distal shaft of the os metacarpale minor (the constriction is present around the distal one-fifth in Cypseloidinae). It differs from Collocaliini and Chaeturini and agrees with Apodini in a strong expansion of the os metacarpi minor near the distal symphysis. Collocaliini further differ in a deeper distal part of the fossa supratrochlearis, and Hirundapus differs in a cranially positioned processus pisiformis. Within Apodini, the fossil agrees with Tachymarptis and Apus in a relatively small processus alularis whose proximal margin is not slanted proximally. The fossil carpometacarpus is consistent in size with the coracoid described above, thus is referred to the same species with it.
A distal phalanx of the major wing digit lacking the distal articular surface was recovered (Fig. 6D) . Although relatively few taxonomically useful characters were detected for this element, the fossil differs from Streptoprocne in the absence of a strong convexity on the cranial surface of the proximal shaft, from Cypseloides in the absence of a prominent swell on the middle part on the cranial surface, from Aerodramus in the absence of a strong constriction at the base of the distal extension of the caudal margin, from Chaeturini on one hand and Aeronautes, Tachornis, and Panyptila on the other in a moderately developed depression on the ventral surface (which is deeper and narrower in the former group and shallower in the latter), and from most genera of the family except Hirundapus, Tachymarptis, and Apus in the broadness of the tip of the distal extension of the caudal margin. Therefore, the fossil is consistent only with Tachymarptis and Apus among the genera compared. Its size is consistent with the carpometacarpus described above.
Remarks.-The genus Apus is distributed throughout the Old World (chiefly in Africa), and includes c. 15 modern species. Although recent authors tend to separate Tachymarptis from it (Päckert et al. 2012; Dickinson and Remsen 2013; del Hoyo and Collar 2014) , there seems to be relatively few osteological differences between the two genera, as far as concerning the elements known for the Shiriya material (but see the feature of the coracoid mentioned above).
Only two species of the genus occur on Japanese islands today: A. pacificus and A. nipalensis. The Shiriya material is larger than the latter species and consistent in size with the former (Table 3 ; Fig. 7) . However, the fossils cannot be distinguished from other modern species of the genus, including A. apus whose modern range spans over northern China. The fossil record of Apodidae was reviewed by Mlíkovský (1989 Mlíkovský ( , 2002 and Boev (2000) . Several extinct species/subspecies of Apus have been described from Neogene deposits in Europe. Apus wetmorei Ballmann, 1976, and A. gaillardi (Ennouchi, 1930) are known from the upper Miocene of Italy and France, respectively. The former species was described as a species in size of modern A. caffer, and the latter was estimated to be smaller than modern A. apus (according to dimensions given by Harrison 1984) . Therefore, these species would be smaller than the species represented by the Shiriya material, although no elements are known in common.
Apus apus palapus Jánossy, 1974 , known from the Lower Pleistocene of Austria (Jánossy 1974 ) and possibly of Hun gary (Jánossy 1978) , is a temporal subspecies of A. apus which differs from the modern form in osteometric proportions. On its original description (Jánossy 1974) , it was only compared with modern A. apus and A. pallidus. As such, despite Jánossy's (1974) conjecture, it is not certain if that subspecies can be osteologically differentiated from modern A. pacificus. Apus baranensis Jánossy, 1978 , is known from the upper Miocene-Lower Pleistocene of Hungary and Bulgaria (Jánossy 1978; Boev 2000; Kessler 2010) . Being smaller than A. affinis, it is unlikely to be represented by the Shiriya material (see also Fig. 7) . Although A. baranensis was synonymized with A. wetmorei by Mlíkovský (2002) based on the putative similarity of size alone, this act has been doubted by Zelenkov (2017) who mentioned the actual difference in size. Apus submelba Jánossy, 1972 , known from several Middle-Late Pleistocene localities in Europe (Jánossy 1972 (Jánossy , 1978 Mourer-Chauviré 1975; Tyrberg 2008a) , is considered closely related to modern Tachymarptis (formerly Apus) melba, and indeed has been considered synonymous with the modern species by Mlíkovský (2002) . The species might be better moved to Tachymarptis, if it is a distinct species and that genus deserves separation from Apus. In any way, published dimensions (Jánossy 1972) indicate that it was larger than the Shiriya material. Apart from these extinct forms, remains of modern species of the genus are known from numerous Quaternary localities throughout the Old World (e.g., Tyrberg 1998 Tyrberg , 2008a Harvati et al. 2013; Val 2016 ).
Order Accipitriformes Vieillot, 1816 Family Accipitridae Vigors, 1824
Remarks. -Hasegawa et al. (1988) included Haliaeetus cf. pelagicus and Buteo buteo in their faunal list, for each of which one specimen was figured. They are re-identified here as follows.
Genus Haliaeetus Savigny, 1809 Haliaeetus sp. 1988 Haliaeetus cf. pelagicus (Pallas, 1811) ; Hasegawa et al. 1988: pl. 7: 13. Table 4 and Fig. 9 .
Measurements.-See
Description.-One cranium preserving a part of the frontals, the dorsal margin of the foramen magnum, and both tympanic cavities was recovered (Fig. 8A) . In the fossil, there is only a shallow depression rostral to the tympanic cavity, ventral to the fossa temporalis, where a prominent excavation, from which the quadratic articulations are distinctly elevated, is present in most accipitrids (Fig. 8A 3 , B 3 , C 3 ). This feature is apparently unique to Haliaeetus and Haliastur, as well as to some Gypaetinae (Pernis, Aviceda, Polyboroides, and Gypaetus). The crania in the latter group are much deeper dorsoventrally for its width (except Gypaetus) and characterized by a narrower fossa temporalis. In addition, the fossil differs from some other large-bodied accipitrid genera, including Aquila and Aegypius, in weaker lateroventral extension of the cranial roof over the laterocaudal margin of the cotyla quadratica squamosi.
Three coracoidal shafts, the most complete one of which preserves the dorsal part of the processus acrocoracoideus and entire processus procoracoideus (Fig. 8D, E) , are referred to the same species as the cranium. The fossils have a stocky profile compared to most accipitrids, while lacking extensive pneumatization along the entire cranial margin of the sulcus supracoracoideus (which is seen in Gypini), agreeing with Harpia, Aquila, Haliastur, Milvus, Butastur, Haliaeetus, and Icthyophaga. Among those genera, the fossils differ from Harpia and Aquila and agree with the others in weak development of the sternal margin of the facies articularis clavicularis, which is developed as a prominent ridge on the medial surface of the processus acrocoracoideus in the former group (Fig. 8B 4 , C 4 ) . The fossils differ from the coracoid of Butastur in having a single pneumatic fovea caudal to the dorsal tip of the tuberculum brachiale (whereas Butastur has a pair of foveae in the same position).
One moderately worn proximal part of the ulna, with the olecranon broken away, was recovered (Fig. 8H) . The shaft is relatively shallow craniocaudally, agreeing only with some species of Haliaeetus, including H. albicilla, H. Shiriya, compared with Recent A. pacificus, A. apus, and A. nipalensis . "Diagonal length" of the proximal phalanx of major wing digit refers to the greatest distance from the proximal articular surface to the distocaudal end (not to the distal articular surface, which is lacking in the fossil). Abbreviations: D, craniocaudal (for wings bones) or dorsoventral (for coracoid) depth; n, number of individuals; PP, processus procoracoideus; W, dorsoventral (for wing bones) or mediolateral (for coracoid) width; WSA, width of sternal articulation.
Elements
Apus sp. leucocephalus, and H. pelagicus. Other qualitative features, including a strong constriction of the cotyla dorsalis in its ventral part (less apparent in, e.g., Harpia, Stephanoaetus, and Aquila) and the lack of pneumatic foramina in the proximal end (foramina pneumatica are present caudal to the proximal articular surfaces and/or around the impressio m. brachialis in Gypini), are consistent with the assignment to Haliaeetus. Two distal ends of carpometacarpi, one of which preserves the distal part of the os metacarpi minor near the distal symphysis, are referred to this species (Fig. 8N) . So far as observed in the better preserved specimen, the spatium intermetacarpale is craniocaudally narrow, as characteristically observed in Elanus, Kaupifalco, Butastur, and Haliaeetus (Fig. 8B 9 , C 5 ). The fossils further differ from Gypini in the absence of foramina pneumatica at or around the distal symphysis.
Five distal ends of the tibiotarsus are referred to this species ( Fig. 8O, P) . In the fossils, the sulcus extensorius is lying near the lateral margin of the distal shaft, and almost restricted to the lateral half of the bone, agreeing with Circus, Accipiter, Haliaeetus (except H. leucogaster), Icthyophaga, and perhaps Aquila (the condition is less clear in the last genus; Fig. 8B 10 , C 6 ). Among these genera, the fossils differ from Circus, Accipiter, and Aquila and agree with Haliaeetus and Icthyophaga in weak proximal extension of the medial margin of the condylus medialis on the caudal surface; in the former group, the margin clearly extends past the proximal margin of the condyle on the cranial side (Fig. 8C 7 ) , whereas it fades more distally in the latter Table 4 . Measurements (in mm) of Haliaeetus sp. from the middle-upper Pleistocene of Shiriya, compared with Recent Haliaeetus pelagicus, Haliaeetus albicilla, and Haliaeetus leucocephalus. Abbreviations: BFAH, breadth of the facies articularis humeralis; CNT, crista nuchalis transversa; D, depth perpendicular to width; IMB, impressio musculi brachialis; FT, fossa temporalis; n, number of individuals; PP, processus procoracoideus; PPO, processus postorbitalis; W, dorsoventral (for wing bones) or mediolateral (for the other elements) width.
Haliaeetus sp. group (Fig. 8B 11 ) . The tibiotarsus of Aquila further differs in a much deeper incisura intercondylaris (Fig. 8C 6 , C 7 ) . The tibiotarsus of Icthyophaga differs in a distinctly deeper, wider sulcus extensorius.
Two shafts and two distal fragments of the humerus (Fig. 8F, G) , one distal end of the ulna (Fig. 8I) , three ulnar shafts, one distal end of the radius (Fig. 8J) , one complete ulnare (Fig. 8J) , one alular phalanx lacking the distal tip (Fig. 8K) , one distal shaft of the femur (Fig. 8L) , one basal phalanx of the third toe, and 19 terminal phalanges of various toes (Fig. 8Q, R) are tentatively referred to this species based on their large size. Although the preserved parts carry little taxonomic information, some of these elements can be differentiated at least from other large accipitrids. In the fossil humerus, the proximal part of the condylus dorsalis does not possess a sharp, straight ventral margin (which is observed in Aegypius). The fossil distal ulna, radius, ulnare, and alar phalanx differ from the corresponding elements of Gypini in the absence of extensive pneumatization. From Aquila, the radius differs in a ventrally positioned caudal knob of the distal articular surface, the ulnare does in strongly convex distal margin of the facies articularis ulnaris, the alular phalanx in a relatively proximal position of the tubercle on the ventrocaudal margin near the proximal end (in Aquila, the tubercle is elongated distally), and the femur in a more strongly developed impressio ansae m. iliofibularis near the proximal extent of the condylus lateralis.
Remarks.-The material examined here includes the specimen figured as H. cf. pelagicus (NSMT PV 19010) by Hasegawa et al. (1988) . The size variation within the material seems to be consistent with the presence of only one species, although the possibility that more species are represented cannot be ruled out. With 35 identifiable specimens, the species is the most common landbird species represented in the Shiriya material (minimum number of individuals being three for Loc. 2 and one for each of Locs. 1 and 3). As far as concerning the elements preserved, it was difficult to find unambiguous osteological features that allow assignment to certain clades within the family. Nevertheless, most elements of the Shiriya material could be differentiated from those of other large eagles, Aquila and Gypini, thus they most likely represent a sea eagle of the genus Haliaeetus. Three modern species of Haliaeetus occur on the central Japanese islands today (The Ornithological Society of Japan 2012): H. albicilla, H. pelagicus, and H. leucocephalus (although the last species has only been recorded as an accidental visitor). Partly due to the small size of the comparative material, it is at best difficult to assign the material to any of these three species (see Fig. 9 ). Hence, it seems justified to leave the specific identification open rather than designating a particular species as was done by Hasegawa et al. (1988) , pending further study.
The oldest putative records of the genus include a large accipitrid from the lower Oligocene of Egypt (Accipitridae genus and species indeterminate, aff. Haliaeetus in Ras mussen et al. 1987) and Haliaeetus (?) sp. from the middle Miocene of Florida (Becker 1987a, b) , whose true affinities are difficult to evaluate from the evidences provided. Neogene records include H. piscator Milne-Edwards, 1871 , from the upper Miocene of France (Milne-Edwards 1867 -1871 , and H. fortis Kurochkin, 1985 , from the upper Miocene-lower Pliocene of Mongolia (Kurochkin 1985; Zelenkov 2013) . It should be noted that the placement of the former species within Haliaeetus has been doubted by Mlíkovský (2002) . According to published dimensions and illustrations, both H. piscator and H. fortis seem to have been smaller than the species represented by the Shiriya material.
A putative Early Pleistocene species from Czech Republic, H. angustipes Jánossy, 1983 , has been shown to be inseparable from modern H. albicilla by Mlíkovský (1997) . An extinct species H. australis (Harrison and Wal ker, 1973 ) is known from the Holocene of the Chatham Islands (Dawson 1961; Harrison and Walker 1973; Olson 1984; Millener 1999) . Published dimensions of that species (Harrison and Walker 1973) suggest that it might be comparable in size with the Shiriya material, but it is not feasible to make a comparison because the latter lacks the tarsometatarsus, the most intensively described element of H. australis (Harrison and Walker 1973; Olson 1984) . A genetically distinct lineage which is most closely related to H. albicilla is known from Holocene deposits of Hawaiian Islands (Olson and James 1991; Fleischer et al. 2000; Hailer et al. 2015) . Published dimensions of the Hawaiian material (Olson and James 1991) indicate that it is smaller than the Shiriya material.
Occurrence of modern species of the genus has been recorded from various Pleistocene localities. Haliaeetus albicilla and H. leucogaster are known from numerous localities in the Old World (e.g., Hou 1993; Tyrberg 1998 Tyrberg , 2008a Guerra et al. 2013; Huguet et al. 2017) and North America (e.g., Brodkorb 1964; Guthrie 1992; Emslie 1998), respectively. Haliaeetus vocifer has been recorded from a few localities in Africa, whereas H. vociferoides has been recorded from Madagascar (Lambrecht 1933; Phillips 1988) . Baird (1991) 1988 Buteo buteo (Linnaeus, 1758); Hasegawa et al. 1988: pl. 7: 6. Material.-Loc. 3, Shiriya, Aomori Prefecture, Japan; Late Pleistocene (~MIS 5e): NSMT PV 19003, right femoral shaft; NSMT PV 24598, terminal phalanx of pedal digit (right second?). Locality unrecorded, Shiriya, Aomori Prefecture, Japan; Middle-Late Pleistocene (~MIS 9/5e): NSMT PV 24599, left distal ulna. Table 5 ; no formal measurement was possible for the pedal phalanx.
Measurements.-See
Description.-One moderately worn distal ulna was recovered (Fig. 10B) . In the fossil, the proximal margin of the trochlea carpalis is strongly elevated from the shaft, agreeing with Nisaetus, Kaupifalco, Melierax, Circus, Accipiter, and Buteo (and perhaps with Butastur, to a lesser extent). Concerning these genera, the fossil differs from Melierax in a proximally elongated trochlea carpalis, from Kaupifalco and Accipiter in the absence of a deep fossa ventral to the trochlea carpalis. In addition, the ulna of Accipiter differs in a long, sharp, and longitudinally oriented tip of the tuberculum carpale. Therefore, the fossil probably represents a species of Nisaetus, Circus, or Buteo, but further identification does not seem feasible.
One fragmentary shaft of the femur preserving a foramen pneumaticum (Fig. 10A ) and one terminal pedal phalanx, probably of the right second toe (Fig. 10C) , were recovered. The only notable feature of these fossils is the presence of a depression just proximal to the foramen pneumaticum medial to the crista trochanteris of the femur (Fig. 10A) . This feature is observed in Macheiramphus, Kaupifalco, Melierax, Circus, and Buteo. Remarks.-It is obvious that the three specimens represent one or more species much smaller than Haliaeetus sp. described above. Although the femur, NSMT PV 19003, was figured as Buteo buteo by Hasegawa et al. (1988) , it is too fragmentary and not diagnostic enough to allow identification to the generic level. Even assuming that the ulna and femur represent the same species, they may possibly represent either Circus or Buteo, each of which includes several modern species distributed on the central Japanese islands today. Therefore, it seems reasonable to retract the record of B. buteo from the Shiriya local fauna.
Concluding remarks
The present analysis of the avian remains from the Shiriya local fauna, northeastern Honshu Island, Japan, indicated the presence of six species of non-passeriform landbirds: Syrmaticus sp., Coturnicini gen. et sp. indet., Columbidae gen. et sp. indet., Apus sp., Haliaeetus sp., Accipitridae gen. et sp. indet. Species-level identification for the landbird remains was not feasible with the comparative materials examined in this study, unless it is assumed that only species occurring in this area today are represented. Such an assumption may potentially lead to circular reasoning in biogeographic and/or paleoclimate analyses, thus was not attempted here (see above). Indeed, when seabirds are taken into account, the Shiriya paleoavifauna includes an extralimital cormorant species (Watanabe et al. 2018 ) and at least three other extinct species (Hasegawa et al. 1988; Watanabe and Matsuoka 2015; Watanabe et al. 2016; JW, HM, and YH unpublished material) . Nevertheless, the occurrences of the six landbird taxa are not unexpected, given that their relatives are members of the modern avifauna in the area. This is in contrast to the land mammal fauna recovered from the Shiriya localities (and Late Pleistocene localities on Honshu Island in general), which includes several extinct members of taxa that are not seen in the area today, including an elephant Palaeoloxodon naumanni, large deer Sinomegaceros yabei, and tiger Panthera tigris (e.g., Hasegawa 1972; Hasegawa et al. 1988; Iwase et al. 2012) .
Although little is known about the Pleistocene terrestrial paleoclimate in northern Honshu Island, especially concerning the age of the Shiriya localities (MIS 9/5e), some information is available for central Honshu Island, where continuous records of lacustrine sediments exist (e.g., Tarasov et al. 2011; Kigoshi et al. 2017) . Palynological analyses of such sediments have reconstructed that the climate in the last few interglacial periods, including MISs 9 and 5e, is slightly to considerably cooler (by up to ~4°C) than, and characterized by a comparable amount of precipitation to, the present (Tarasov et al. 2011; Kigoshi et al. 2017 ). If such conditions were also prevalent in northern Honshu Island, the Shiriya landbird fauna likely resided in such an environment. One remarkable element is Syrmaticus, whose modern species are generally associated with mountainous forests (Johnsgard 1999) . The presence of Syrmaticus sp. in Shiriya may imply the presence of such a habitat in northern Honshu Island in the last interglacial period (MIS 5e) as is seen today. In addition, the presence of Syrmaticus may have some biogeographic implications. Modern S. soemmerringii, the only species of the genus occurring on the Japanese islands today, does not occur north to the Tsugaru Strait (i.e., on Hokkaido Island), the fact which was originally used to substantiate the biogeographic delineation now known as Blakiston's line (Blakiston and Pryer 1880; Blakiston 1883) . If Syrmaticus sp. from the Shiriya local fauna had similar climatic requirements to those of the modern species, it may follow that the northern distribution limit of the modern species is at least partly influenced by factors other than climatic ones (temperature), as Syrmaticus sp. from Shiriya could inhabit the northern end of Honshu Island in a colder climate condition than in the present. That is, the Tsugaru Strait may have acted as a biogeographic barrier that prevented northward dispersals to Hokkaido Island by Syrmaticus. If they could cross the strait to colonize Hokkaido Island in the last glacial period, as was apparently done by some large land mammals in the opposite direction (Kawamura 2007), they would have been able to persist there. Nevertheless, the possibility remains that they retreated southward in glacial periods. A more substantiated discussion may be possible after species-level identification could be made with a larger comparative material, and evidences from other fossil localities were accumulated.
Apart from species-level identifications, the landbirds identified from the Shiriya local fauna in this study add new pieces to the Pleistocene vertebrate community in northern Honshu Island. Syrmaticus sp., Coturnicini gen. et sp. indet., and Columbidae gen. et sp. indet. are likely to have been primarily granivorous or frugivorous birds as in the modern representatives of the taxa, and might have interacted with the diverse assemblage of rodents and shrews known from the same local fauna (Hasegawa et al. 1988 ). Accipitridae gen. et sp. was probably an aerial predator that preyed on such small vertebrates (possibly along with invertebrates). Haliaeetus sp. might have relied more on marine preys, such as a salmonid fish Oncorhychus sp. which was identified from Loc. 3 (Hasegawa et al. 1988) . Apus sp. would have been an aerial insectivore, and in this respect an indirect interaction with insectivorous bats in the local fauna (Hasegawa et al. 1988 ) could be presumed, although direct competition would have been mitigated by the difference in diel activity patterns (diurnal swift versus nocturnal bats).
By describing six species of landbirds from the Pleistocene of Shiriya, this study formed a basis for comparison in future studies of the Pleistocene fossil birds in the Japanese Archipelago. Revision of avian materials from other Pleistocene localities in the region (Takai 1962; Hasegawa 1964; Tomida 1978; Nokariya and Ono 1980; Ono 1980; Rich et al. 1986 ) may shed more light on the biogeographic history of the landbird fauna. One pertinent problem is, however, the scarcity of avian skeletons from the eastern Eurasia and Japanese islands in the museum collections, which was partly responsible for the inconclusive identifications in this study. It is urgent to build larger skeletal collections of birds from the eastern Eurasia, in order to fully appreciate contemporary variation within and among modern forms, and to decipher history of the unique avifauna in the region.
